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ABSTRACT  41 

Objective: To evaluate associations between the first trimester SIMPLE nutritional score, early 42 

placental markers, and pregnancy outcome. 43 

Methods: This is a longitudinal prospective multicenter observational cohort study recruiting 44 

healthy women with no comorbidities and singleton viable pregnancies undergoing first trimester 45 

prenatal screening. The SIMPLE nutritional score, biochemical (pregnancy-associated plasma 46 

protein A (PAPP-a), free ß-human chorionic gonadotropin (β-HCG)) and ultrasound (placental 47 

volume, uterine artery Doppler velocimetry) markers of placental function were collected at 48 

enrollment. Birth outcomes were collected at delivery. Main Outcome Measures: Multivariate 49 

generalized linear and logistic regression models were performed to investigate associations 50 

between SIMPLE score subgroups (<6 versus  ≥6) and items, placental markers, and pregnancy 51 

outcomes.  52 

Results: Out of 2363 women enrolled, 325 were classified at high nutritional risk based on a first 53 

trimester SIMPLE score lower than 6. Multi-adjusted models showed that the SIMPLE score 54 

subgroup was significantly associated with first trimester PAPP-a concentrations (SIMPLE score ≥6 55 

versus <6: β= 0.047 (95%CI 0.004;0.089), p<0.05), as well as with the emergency cesarean section 56 

rates (SIMPLE score ≥6 versus <6: aOR = 0.73 (95%CI -1.38;-0.07), p<0.05). The single item 57 

related to the first trimester hemoglobin concentrations higher than 110 g/L was significantly 58 

associated with early placental markers, birth (β= -116.2 (95%CI -213.6;18.7), p<0.05) and 59 

placental weights (β= -28.2 (95%CI -50.4;6.0), p<0.05) in multi-adjusted models. 60 

Conclusions: The observed associations support the introduction of the SIMPLE score in clinical 61 

practice as a useful tool for predicting early placental development and pregnancy outcome. 62 

 63 
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INTRODUCTION 64 

Maternal nutrition is recognized as a relevant predictor of feto-maternal wellbeing and pregnancy 65 

outcome. 1,2 In particular, the overwhelming pandemic of female obesity has driven the attention on 66 

its adverse short- and long-term effects on human reproduction. 4,5 In this setting, pregestational 67 

body mass index (BMI) and gestational weight gain (GWG) are commonly used as proxy of 68 

maternal nutritional, metabolic, and inflammatory status. 6,7 Nevertheless, several studies showed 69 

that maternal adherence to specific dietary patterns is strongly associated with reproductive and 70 

pregnancy outcomes, independently of pregestational BMI and GWG. 8-10 This might reflect that 71 

anthropometric measurements alone may not depict the overall maternal nutritional status. 72 

Additionally, due to the need of multi-disciplinary specialists and the time-consuming nature, the 73 

validated tools to examine dietary patterns in pregnancy (i.e. food frequency questionnaire) are not 74 

feasible in most clinical settings. Therefore, the International Federation of Gynecology and 75 

Obstetrics (FIGO) proposed a 10-question checklist investigating the adherence to a healthy diet as 76 

a reproducible, time-saving, and accessible tool. 11 Previous studies reported the high acceptability 77 

and reproducibility of this tool, further demonstrating a high agreement with the gold-standard food 78 

frequency questionnaire in identifying women with suboptimal dietary quality in pregnancy. 12-14 In 79 

this context, our pilot study on 112 singleton low-risk pregnancies showed that the first trimester 80 

nutritional score calculated by using the modified FIGO nutrition checklist (SIMPLE score) was 81 

associated with first trimester markers of placental function (serum pregnancy-associated plasma 82 

protein-a (PAPP-a) concentrations, uterine artery mean pulsatility index, and placental volume) and 83 

gestational age at birth. 15 This study possibly showed the utility of the SIMPLE score as an early 84 

screening tool of nutritional risk and predictor of placental function and pregnancy course in 85 

clinical practice.  86 

The SIMPLE Study protocol has been previously presented. 16 Briefly, this is a longitudinal 87 

prospective multicenter study designed to investigate the associations between maternal first trimester 88 

SIMPLE score, early markers of placental function, intrauterine fetal growth, and pregnancy outcome 89 
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among healthy women with singleton autologous pregnancies in Italy. The aim of the present analysis 90 

was to investigate the associations between maternal first trimester SIMPLE score, early markers of 91 

placental function, and pregnancy outcome (i.e. gestational age at birth, birth and placental weights, 92 

blood loss, and rates of pregnancy complications) in the setting of a nationwide study, to further 93 

confirm the results of the pilot study and extend the result general validity.  94 

 95 

 96 



 6 

MATERIALS AND METHODS 97 

This is an ongoing multicenter prospective observational cohort study coordinated by the "V. Buzzi" 98 

Children Hospital, Milan (Coordination Unit), involving 24 Italian maternity units (Supplemental 99 

Table 1). The present analysis includes all women enrolled from January 2019 to January 2023.  100 

The protocol was approved by the Medical Ethical and Institutional Review Board at the 'V. Buzzi' 101 

Children Hospital, Milan (promoting center, reference number 46091/2018, 7/11/2018), and followed 102 

at all recruiting centers. All participants signed a written informed consent form before participation.  103 

Eligible patients were subsequently enrolled during the ultrasound scan of the first trimester 104 

combined screening test for aneuploidies (11+0-13+6 weeks), according to the following inclusion 105 

criteria: singleton viable pregnancy, maternal age of at least 18 years, gestational age between 11+0 106 

and 13+6 weeks of pregnancy confirmed by a crown-rump length (CRL) measurement of 45-84 mm, 107 

and signed written informed consent. Exclusion criteria were: no comprehension of the Italian 108 

language, any known maternal chronic disease, ongoing pharmacological treatment at the time of 109 

enrollment, oocyte donation pregnancy, fetal congenital anomalies and aneuploidies further 110 

confirmed by invasive prenatal testing or diagnosed at birth. 111 

At enrollment, all women filled a general questionnaire detailing age, pregestational BMI, ethnicity, 112 

conception mode, lifestyle habits (i.e. smoking and alcohol consumption), and medical history. A 113 

modified version of the FIGO nutrition checklist (SIMPLE checklist) was used at recruitment to 114 

provide a 0 to 10 nutritional score measuring the adherence to the national recommendations for a 115 

healthy diet in pregnancy (SIMPLE score). In detail, the FIGO nutrition checklist consists of four 116 

sections covering information on diet quality and specific micronutrients deficiencies. Additional 117 

adaptations of the checklist were based on the Italian guidelines on maternal nutrition during 118 

pregnancy, including one additional question on the consumption of iodized salt and the modified 119 

recommended intake of fruit and vegetables to five portions per day (SIMPLE checklist). A one-point 120 

score was calculated in case of positive answer for: consumption of meat 2–3 times per week, fruit 121 

and vegetables at least 5 times per day, fish 1–2 times per week, dairy products daily, whole cereals 122 
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at least once per day, sweet and snacks less than 5 times per weeks, first trimester hemoglobin 123 

concentrations higher than 110 g/L, folic acid supplement use, use of iodized salt, and sun exposure 124 

at least 10–15 min per day.  125 

Biochemical parameters, including serum PAPP-a and free β-human chorionic gonadotropin (free β-126 

HCG), were obtained from one venous blood sample collected at enrollment, by using a solid-phase 127 

two-site sequential chemiluminescent immunometric assay (BRAHMS Kryptor, Hennigsdorf, 128 

Germany). Besides their use as markers of fetal aneuploidies, PAPP‐a and HCG are glycoproteins 129 

mainly produced by the syncytiotrophoblast which may regulate the placental development through 130 

the modulations of the insulin‐like growth factor pathways and vasculogenesis, finally playing a key 131 

role in trophoblastic invasion and fetal growth regulation. 17,18 All ultrasound measurements were 132 

performed at enrollment by a Fetal Medicine Foundation certified sonographer according to the 133 

International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) guidelines. In addition 134 

to CRL and biparietal diameter (BPD), the transabdominal measurements of Doppler velocimetry of 135 

uterine arteries (UA) and two-dimensional placental volume were performed. Transabdominal UA 136 

Doppler velocimetry was measured by identifying the artery along the uterine body from a midsagittal 137 

section and moving laterally to the paracervical vascular plexus. 19 The two-dimensional estimated 138 

placental volume (EPV) measurement was performed according to the formula proposed by Sonek J. 139 

et al, by acquiring the placental width (measuring the distance among placental edges, perpendicular 140 

to surface of placenta), height (as distance from uteroplacental interface to line used to measure width) 141 

and thickness (as distance from uteroplacental interface to fetal surface of placenta). 20 142 

Data on delivery outcomes were recorded from medical registry or phone interview. Maternal 143 

baseline characteristics, biochemical and ultrasound markers of placental function, and birth 144 

outcomes were described as medians and ranges for quantitative variables, and absolute and relative 145 

frequencies for categorical variables. Subgroups based on the SIMPLE score were defined based on 146 

the 25th percentile of the score distribution: high nutritional risk for SIMPLE scores <6 and low 147 

nutritional risk for SIMPLE score ≥6. Chi-square and Kruskall-Wallis or t-tests as appropriate were 148 
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used to compare baseline characteristics, first trimester biochemical and ultrasound markers of 149 

placental function, and birth outcomes between these two subgroups.  150 

After performing a Log10 transformation of non-normally distributed variables to approximate 151 

Gaussian distributions, generalized linear models adjusted for confounding factors (gestational age 152 

and GWG at enrollment, maternal age, parity, pregestational BMI, smoking habit, alcohol 153 

consumption, conception mode, fetal sex) were estimated to investigate associations between the 154 

SIMPLE score subgroup (≥6 versus <6, independent variable), first trimester biochemical (PAPP-a, 155 

free ß-HCG), and ultrasound (mean UtA PI, placental volume) markers of placental function, and 156 

pregnancy outcomes (gestational age at birth, birth weight, blood loss) (dependent variables). Multi-157 

adjusted regression models including the previously defined confounding factors were designed to 158 

evaluate the associations between the SIMPLE score subgroup (≥6 versus <6, independent variable) 159 

and rates of adverse pregnancy outcomes (preterm delivery, gestational diabetes mellitus (GDM), 160 

hypertensive disorders of pregnancy, fetal growth restriction (FGR), and cesarean section). When 161 

pregnancy outcome data were considered as dependent variables, the additional adjustment for 162 

gestational age and GWG at term was performed. Finally, the same multivariate models were 163 

estimated to evaluate the associations between the single 10 items of the SIMPLE score and first 164 

trimester and pregnancy outcome data.  165 

P-values < 0.05 were considered statistically significant. All analyses were performed using SAS 9.4 166 

and SPSS Statistics for Windows, Version 21.0 (IBM Corp. Armonk, New York, NY, USA) and R 167 

version 3.2.1 (The R Foundation for Statistical Computing). 168 
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RESULTS 169 

A total of 2363 pregnant women with a singleton pregnancy were enrolled in the present study 170 

based on the inclusion criteria.  171 

The SIMPLE nutrition checklist was fully filled out by 2259 women out of 2363, whilst at least one 172 

missing response was detected in 104 self-filled questionnaires. Supplementary figure 1 shows the 173 

flowchart of the study population. 2139 women (94.7% of the total study population) showed at 174 

least one nutritional risk as defined by at least one negative answer at the SIMPLE nutrition 175 

checklist and 325 women (14.4%) were classified at high nutritional risk due to a calculated 176 

SIMPLE score lower than 6. Table 1 presents the baseline characteristics of the total study 177 

population and SIMPLE score subgroups at enrollment. The high nutritional risk subgroup 178 

(SIMPLE score <6) showed lower maternal age and educational level, as well as higher non-179 

caucasian ethnicity and smoking habit compared to the low nutritional risk subgroup (SIMPLE 180 

score ≥6).  The major areas of nutritional deficiencies as detected by the SIMPLE nutrition 181 

checklist were related to daily whole grain consumption, sun exposure, and reported first trimester 182 

hemoglobin concentrations higher than 110 g/L (Supplemental table 2). The first trimester 183 

ultrasound and biochemical data were compared between the two SIMPLE score subgroups, 184 

showing significantly higher free beta-HCG concentrations in the low nutritional risk subgroup 185 

(Supplemental table 3). 186 

Data on pregnancy outcome were available for 1872 women (387 missing data, Supplemental 187 

figure 1). Table 2 shows the pregnancy outcome data in the total study population and SIMPLE 188 

score subgroups. The subgroup at low nutritional risk showed a significantly higher gestational age 189 

at birth (278 versus 276 days) and lower cesarean section rate (23.3% versus 33.5%) compared to 190 

the subgroup at high nutritional risk. No differences were detected with regard to the rates of 191 

pregnancy complications, birth and placental weights. No stillbirths were detected in the study 192 

population. Pregnancy outcome stratified based on the SIMPLE score are shown in Supplemental 193 

Table 4.  194 
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The results from generalized linear and logistic regression models are shown in Table 3 and Table 195 

4, respectively. After adjustment for the previously defined confounding factors, the SIMPLE score 196 

subgroup showed significant associations with first trimester PAPP-a concentrations in the total 197 

study population, meaning lower PAPP-a concentrations in the subgroup at low nutritional risk 198 

(Table 3). The logistic regression models confirmed a significant association between the SIMPLE 199 

score subgroup and the rate of cesarean section (OR 0.65 (95%CI: 0.47;0.90), p<0.05), meaning a 200 

lower cesarean section rate by 35% in the subgroup at low nutritional risk. No associations were 201 

detected with other adverse outcomes including hypertensive disorders of pregnancy, GDM, 202 

prematurity, and FGR rates (Table 4). When only emergency cesarean sections during labor were 203 

selected (n=156, 32.8% of the total cesarean section number), the association remained significant 204 

(SIMPLE score ≥6 versus <6: β = -0.73 (95%IC -1.38; -0.07), p<0.05).  205 

Finally, the single items of the SIMPLE score were considered in multi-adjusted models including 206 

the same confounding factors (Figure 1). Fish consumption and folic acid supplementation were 207 

significantly associated with first trimester BPD measurements (β= 0.23 (95%CI 0.03; 0.44), 208 

p<0.05, and β= -0.53 (95%CI -0.97; -0.09), p<0.01, respectively), dairy consumption and sun 209 

exposure with free β-HCG concentrations (β= 4.54 (95%CI 0.19; 8.89), p<0.05, and β= 4.32 210 

(95%CI 0.37; 8.27), p<0.01, respectively), sweets and snacks consumption and sun exposure with 211 

PAPP-a concentrations (β= -0.25 (95%CI -0.45; -0.05), p<0.01, and β= -0.21 (95%CI -0.38; -0.04), 212 

p<0.05, respectively), and hemoglobin concentrations higher than 110 g/L with CRL (β= -0.52 213 

(95%CI -0.95; -0.09), p<0.05), BPD (β= -0.31 (95%CI -0.49; -0.12), p=0.01), placental volume (β= 214 

29.2 (95%CI 18.5; 39.9), p<0.001), free β-HCG (β= 7.42 (95%CI 3.42; 11.42), p<0.001) and 215 

PAPP-a (β= -0.47 (95%CI -0.64; -0.29), p<0.001) concentrations. Concerning the association 216 

between the single items of the SIMPLE score and pregnancy outcomes, only first trimester 217 

hemoglobin concentrations reported higher than 110 g/L were significantly associated with birth 218 

(β= -116.2 (95%CI -213.6; 18.7), p<0.05) and placental weights (β= -28.2 (95%CI -50.4; 6.0), 219 

p<0.05), with no association with fetal-placental weight ratio. 220 
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 221 

DISCUSSION 222 

The present multicenter prospective cohort study firstly described the adherence to a healthy diet 223 

based on the national recommendations on nutrition in pregnancy in a large sample of healthy 224 

women with singleton first trimester viable pregnancies in Italy. Alarming rates of nutritional risk 225 

were reported in a sample of apparently low-risk pregnancies, with 94.7% of the total study 226 

population showing at least one nutritional risk (as defined by one negative answer to the SIMPLE 227 

nutrition checklist) and 14.4% of the total study population reporting five or more negative answers. 228 

Our results are in line with recent data from a smaller Greek study where 99% of the included 229 

pregnancies exhibited at least one nutritional risk factor based on the FIGO nutrition checklist. 21 230 

The detected areas of major deficiencies were reported in whole grain consumption, sun exposure 231 

and reported hemoglobin levels higher than 110 g/L, with about one half of the total study 232 

population providing negative answers. As expected, the subgroup at high nutritional risk included 233 

younger, less educated, and more frequently non-caucasian and smoker women compared to the 234 

group with low nutritional risk.  235 

Secondly, our results showed significant associations between the first trimester maternal SIMPLE 236 

score and early biochemical markers of placental development, whilst no associations were detected 237 

with placental ultrasound markers, in contrast to the SIMPLE pilot study. 15 This may be probably 238 

explained by the multicentric design of the present study and the related difficulties in technical 239 

measurements, as demonstrated by the very high variability of the placental volume measurements 240 

in the total study population. The univariate analysis showed significantly lower free β-HCG 241 

concentrations in the subgroup of women at high nutritional risk, but this result lost statistical 242 

significance in the multivariate model, thus meaning a difference mainly mediated by confounding 243 

factors. Conversely, when adjustment for confounding factors notoriously related to placental 244 

development and function was included, significant associations were confirmed between the 245 

SIMPLE score subgroup and first trimester PAPP-a concentrations. Previous studies showed the 246 
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strong dependence of first trimester PAPP-a concentrations on gestational age and both pregnancy 247 

and maternal characteristics. In particular, lower PAPP-a concentrations were reported in case of 248 

singleton versus multiple pregnancy, ART versus spontaneous conception, male fetuses, maternal 249 

caucasian ethnicity, pregestational diabetes, lower pregestational weight, smoking and multiparous 250 

mothers. 22-27 These results explain the current inclusion of all these variables in the algorithm of the 251 

first trimester combined screening test for aneuploidies. Nevertheless, our results highlight that first 252 

trimester maternal nutritional habits may further impact on first trimester biomarker concentrations, 253 

possibly affecting the screening results. Unexpectedly, the detected association between the 254 

SIMPLE score and PAPP-a concentrations was negative in both univariate and multivariate models, 255 

but this might be mediated by differences in the mass of the trophoblastic tissues, as shown by the 256 

smaller ultrasound-determined placental volume in case of higher SIMPLE scores, in agreement 257 

with previous studies. 28 Both the underlying mechanisms and relevance of this association is still 258 

unknown and needs further research to be elucidated. Additionally, the single items of the SIMPLE 259 

score were individually evaluated in order to define the ones mostly impacting on first trimester 260 

biochemical and ultrasound markers of feto-placental development. Folic acid supplementation, 261 

hemoglobin concentrations higher than 110 g/L, sun exposure, and consumption of fish, dairy and 262 

sweets were found significantly associated with both ultrasound (CRL, BPD, placental volume) and 263 

biochemical (PAPP-a, free β-HCG) markers in multivariate models including adjustment for 264 

gestational age, maternal and pregnancy characteristics. These results are in line with growing 265 

literature showing significant effects of periconceptional maternal nutritional habits and lifestyle on 266 

early parameters of embryonic growth and placental development. 29,30 267 

Finally, when pregnancy outcomes were considered as dependent variables, the first trimester 268 

maternal SIMPLE score was significantly associated with gestational age at birth only in the 269 

univariate model with a 2-days difference between subgroups, whilst multi-adjusted regression 270 

models demonstrated significant associations with higher rates of cesarean section in the subgroup 271 

at high nutritional risk. No associations were observed with birth weight and rates of GDM, FGR 272 
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and hypertensive disorders of pregnancy. In particular, the first trimester SIMPLE score was 273 

negatively associated with both rates of total and emergency cesarean sections, meaning a lower 274 

cesarean section rates at increasing values of the first trimester SIMPLE score. This result is of 275 

interest as the cesarean section unequivocally represents an adverse pregnancy outcome, leading to 276 

increased maternal and perinatal morbidity and mortality. 31 It can be hypothesized that a fetus of a 277 

healthy mother, with optimal nutritional and lifestyle habits as early as the first trimester of 278 

pregnancy, might have more adequate nutritional and oxygen reserves for withstanding the stress 279 

linked to labor evolution, compared to a mother with nutritional deficiencies. Additionally, when 280 

the single items of the SIMPLE score were investigated in associations with term pregnancy 281 

outcomes, only first trimester hemoglobin concentrations higher than 110 g/L showed negative 282 

associations with both birth and placental weight at delivery. This result is in line with previous 283 

reports of a U-shaped relationship between maternal hemoglobin levels and placental and birth 284 

weight, indicating a potential negative effect of both iron depletion and overload on intrauterine 285 

development and growth. 32,33 In particular, despite the association between maternal anemia and 286 

adverse pregnancy outcome (i.e. low birth weight, preterm birth, stillbirth, postpartum hemorrhage, 287 

perinatal and maternal mortality) is well-known, both the timing of diagnosis and the severity 288 

should be considered to stratify the risk of adverse outcome. As an example, a 2012 meta-analysis 289 

of 12 studies indicated that moderate to severe, but not mild maternal anemia was associated with 290 

an increased risk of small-for- gestational-age babies. 34 In line with these data, a large retrospective 291 

study on 173,031 pregnant women revealed an odds ratio (OR) of 1.68 (95%CI: 1.29; 2. 21) for 292 

preterm birth only for first trimester moderate-to-severe anemia (defined as less than 95 g/L at 12 293 

weeks' gestation), additionally showing significant associations between high first trimester 294 

hemoglobin level (greater than 149 g/L at 12 weeks' gestation) and small for gestational age 295 

newborns (OR 1.27 (95% CI 1.02, 1.58)). 35  These results highlight that an optimal range of 296 

maternal hemoglobin during the first trimester should be defined, based on the evidence that both 297 

extremes are associated with adverse obstetric outcome.  298 
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The present study shows several strengths and limitations. Firstly, the multicentric design of the 299 

study surely limited the interpretation of results on first trimester ultrasound markers, particularly 300 

for placental volume. Although an initial training was mandatory provided by the promoting center 301 

on the acquisition of the placental volume measurements, the detected high variability and the lack 302 

of internal validation of the measurement reduced the validity of this result. The same can be 303 

partially stated with regard to biochemical markers, whose collection was not centralized and was 304 

conversely delegated to each recruiting center, thus leading to potential differences in laboratory 305 

testing and results. The SIMPLE score was additionally calculated only in late first trimester, when 306 

modifications of nutritional behaviors could not be excluded due to nausea or hyperemesis. 307 

Therefore, subsequent changes in nutritional habits and exposures could not be excluded and may 308 

impact on the observed pregnancy outcomes. Furthermore, maternal complex dietary patterns and 309 

nutritional biomarkers (e.g. ferritin) were not available as a useful tool for internal validation of the 310 

SIMPLE score. Lastly, information on physical activity, as a crucial component of nutritional habits 311 

and lifestyle, as well as neonatal data after delivery were not collected. 312 

On the other hand, this study presents several strengths. Firstly, the multicentric nationwide design  313 

allowed us to reach a large sample size, further representative of the whole Italian population. 314 

Additionally, the included population represents a well-defined sample of healthy women with low-315 

risk pregnancies. The inclusion of maternal pregestational extreme BMI values, despite being 316 

synonymous of chronic comorbidity, contributed to increase the external validity of our findings, 317 

being representative of the national prevalence of abnormal BMI among fertile women. Although 318 

residual confounding could not be completely excluded, full adjustment for all known factors 319 

associated with intrauterine growth and development were considered in the final models. 320 

In conclusion, the present study described the associations between first trimester maternal 321 

nutritional habits measured by the SIMPLE score, early biochemical and ultrasound markers of 322 

feto-placental growth, and pregnancy outcome in a large sample of singleton pregnancies in Italy. 323 

This study lays the foundation for the use of the SIMPLE score in clinical settings, as a useful, 324 
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reproducible and time-saving predictor of early placental development and pregnancy outcome. In 325 

particular, the identification of areas of deficiencies through the SIMPLE score should lead to an 326 

individualized counseling aimed at modifying inadequate nutritional behaviors, with possible 327 

referral to dedicated specialists in case of a high nutritional risk. Future research should focus on the 328 

high-risk population and develop intervention strategies aiming at reducing the related risk. 329 

 330 
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